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(57) ABSTRACT 

An optical device With a CAN package is disclosed, Where the 
cap is resistance-Welded to the stem Without causing failures 
due to fragments by the Welding ?ying Within the package. 
The cap of the invention has a ?ange portion to be Welded to 
the stem. The ?ange portion provides a ringed groove in 
addition to the ringed projection for the Welding. The frag 
ment due to the Welding may be captured in the ringed groove 
and is prevented from ?ying Within the package. The ringed 
groove and the ringed projection are simultaneously formed 
in the stamping to form the body portion of the cap. 

14 Claims, 7 Drawing Sheets 
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METAL CAP WITH RINGED PROJECTION 
TO BE WELDED TO STEM AND RINGED 

GROOVE PROVIDED IMMEDIATELY INSIDE 
OF RINGED PROJECTION AND OPTICAL 

DEVICE HAVING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical device that pro 

vides a metal cap Welded to stem to seal a space air-tightly 
Where a semiconductor optical device, such as semiconductor 
laser diode (LD) or semiconductor photodiode (PD), is 
mounted therein. 

2. Related Prior Art 
An optical device that provides a co-axial package, gener 

ally comprises of a metal stem and a metal cap. The stem 
mounts the LD or the PD and occasionally some electronic 
components such as pre-ampli?er IC for amplifying a signal 
generated by the PD and driver IC for driving the LD. The cap, 
?xed to the stem air-tightly, provides a space in Which the LD 
or the PD and the electronic components are enclosed. In the 
co-axial package of the optical device, the stem has a disk 
shape, While, the cap has a cylindrical shape. The cap com 
prises a shell portion and a ?ange portion. The shell portion 
provides a transparent WindoW through Which the light emit 
ted from the LD or heading the PD installed Within the space 
passes; While the ?ange portion located in a side opposite to 
the transparent WindoW is ?xed to the stem by the Welding. 

Assembling the cap With the stem, the cap in the ?ange 
portion thereof is ?xed to the stem by, for instance, the resis 
tance Welding. As illustrated in FIG. 4, the resistance Welding 
puts the ?ange 10211 of the cap 102 aligned With the stem 103 
betWeen tWo electrodes, E1 and E2, such that a peripheral 
portion of the ?ange 102a and the stem 103 are pressed by the 
electrodes E1 and E2 and provided With a huge pulse current 
to melt the peripheral portion of the ?ange 102a and the stem 
103. Thus, the cap 102 is Welded to the stem 103. HoWever, 
the resistance Welding described hereto often causes or brings 
a failure such as short-circuit betWeen components or 
mechanical damages induced in the components installed 
Within the package by fragments melted at the Welding and 
?oWn Within a inner space. Even the Welding does not bring 
the fragment ?oWn in the space S, the surplus metal melted by 
the Welding seeps out Within the inner space S and occasion 
ally causes the ?oWn fragment When the cap 102 and the stem 
103 receives vibrations. 
The ?ange portion 11111 of the shell 111 sometimes pro 

vides a ringed projection 11119 With a height about 0.1 mm to 
increase the current density at the Welding. This ringed pro 
jection 1111) may facilitate the melting of the ?ange portion 
111a and makes the Welding in homogeneous around the stem 
112. HoWever, the ringed projection 1111) brings no effect for 
the detachment of excess portions of the projection into the 
space S. The top end portion of the ringed projection 111b 
easily melts by the pulsed current, rather, the melting is facili 
tated by the projection, the melted projection easily expands 
Within the space S by the pressure to abut the ?ange portion 
111a against the stem 112. 
The melted projection and extended Within the space S 

causes the failures mentioned above. An adequate condition 
of the resistance Welding, in particular, reduced pressure to 
abut the ?ange portion 111a against the stem 112, may 
decrease the possibility for excess fragments by the Welding 
to ooZe Within the space S. HoWever, the reduced pressure at 
the Welding inevitably brings a less reliability in the air 
tightness. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
A Japanese Patent Application published as JP-2007 

134644A has disclosed an optical device With a cap Welded to 
the stem, Which is schematically illustrated in FIG. 7. The 
?ange portion of the cap in the prior art above provides a 
ringed projection 122a accompanied With a step 122!) extend 
ing along and immediate inside of the ringed projection 12211. 
The step 122b, Which is provided to secure the height of the 
Welded projection 122a and has a function to protect the 
projection 122a against the excess crushing, may also shoW 
another function to prevent the melted fragments by the Weld 
ing from ?ying into the space S. 

SUMMARY OF THE INVENTION 

It may be quite effective to prevent the melted fragments 
?oWn Within the space for the arrangement of the projection 
122a and the step 122!) shoWn in FIG. 7. HoWever, the step 
122!) accompanied With the projection 122a can not be easily 
prepared. The machining for the metal block may prepare the 
stem 12219 but is a cost ineffective technique. The present 
invention, in consideration of the prior art shoWn in FIG. 7, is 
to provide, by a cost effective technique, an arrangement of 
the cap Welded to the stem, Which fundamentally prevents the 
melted fragments of the projection from ?ying Within the 
inner space S. 

SUMMARY OF THE INVENTION 

One aspect of the present invention relates to an optical 
device that provides a semiconductor optical device such as 
LD and PD. The optical device of the present invention com 
prises a metal stem With a disk shape and con?gured to mount 
the semiconductor optical device thereon, and a metal cap 
With a body portion and a ?ange portion. The body portion has 
a substantially cylindrical shape, While, the ?ange portion is 
formed in an end of the body portion. The ?ange portion 
provides a ringed projection that is Welded to the metal stem 
and a ringed groove that is formed immediately inside of the 
ringed projection. The ringed groove has a holloW extending 
to a direction opposite to the ringed projection. The present 
invention has a feature that the body portion and the ?ange 
portion of the cap are formed by stamping of a metal sheet 
including the ringed projection and the ringed groove, and the 
ringed groove captures the fragments caused by the Welding 
of the ringed projection to the stem. 
The holloW of the ringed groove has a cross section of a 

trapeZoid Whose volume is substantially equal to or greater 
than a volume of the ringed projection before the Welding. 
The cap may be made of alloy of iron (Fe), nickel (Ni) and 
cobalt (Co), or clod-rolled steel. The ringed groove may be an 
concentric circle With the ringed projection to capture the 
fragments due to the Welding in homogeneous along the 
peripheral of the disk shaped stem. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention Will be described in further detail With ref 
erence to the attached draWings in Which: 

FIG. 1 is a cross section of the optical device according to 
an embodiment of the invention, Where the cap is omitted to 
describe the stem of the optical device; 

FIGS. 2A to 2C are a cross section, a plan vieW and a 
magni?ed vieW of the ?ange portion of the cap, respectively, 
according to an embodiment of the present invention; 

FIG. 3 is a cross section Where the cap is resistance-Welded 
to the stem; 
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FIG. 4 schematically illustrates a process to resistance 
Weld the cap to the stem; 

FIG. 5 is a cross section of another cap that provides a 
modi?ed structure of the ?ange portion; 

FIG. 6A is a cross section of a conventional cap With a 
?ange portion only providing a ringed projection, and FIG. 
6B schematically illustrates a failure that fragments due to the 
Welding of the projection to the stem are ?oWn Within the 
space of the cap; and 

FIG. 7 schematically illustrates another type of the cap 
With the ringed projection accompanied With a step to de?ne 
the Welded height of the projection. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 schematically illustrates a cross section of an optical 
device according to an embodiment of the present, While, 
FIGS. 2A to 2C schematically illustrate the cap of the optical 
device. FIGS. 2A to 2C are a cross section, a plan vieW, and a 
magni?ed vieW of the cap 4, respectively. The optical device 
according to the present embodiment is a type of a receiver 
optical sub-assembly (hereafter denoted as ROSA) that 
installs a semiconductor photodiode (hereafter denoted as 
PD) as an optical-to-electrical converting device. Although 
the description concentrates on the ROSA, spirits of the 
present invention may be similarly applicable to another type 
of the optical device, Which is called as transmitter optical 
sub-assembly (hereafter denoted as TOSA) that installs a 
semiconductor laser diode (hereafter denoted as LD) as an 
electrical-to-optical converting device. 

The optical device 1 of the present embodiment provides a 
stem 3 and a cap 4 ?xed to the stem 3. On the stem 3 is 
mounted With the PD 2 in a space S formed by the stem 3 and 
the cap 4, and air-tightly sealed from the outside. The optical 
device 1 shoWn in the ?gures has a substantially cylindrical 
shape and often called as a CAN-type device. The cap 4 is 
?xed to the top surface of the stem 3 by the projection Weld 
mg. 

The stem 3, Which is made of metal, has a primary surface 
311 on Which the semiconductor device such as PD 2 in this 
embodiment is mounted. The stem 3 may be formed by the 
extruding of a metal plate made of, for instance an alloy of 
iron (Fe), nickel (Ni) and cobalt (Co), Which is often called as 
Kovar, or a cold-rolled steel plate, plated With nickel (Ni) and 
gold (Au). The stem 3 has a substantially disked shape With a 
diameter around 5.6 mm. The primary surface 311 of the stem 
3 may also mount another electrical devices such as pre 
ampli?er to ampli?er a faint electrical signal generated by the 
PD 2 and some capacitors inserted in poWer lines. 

The stem 3 also provides a plurality of lead pins 5 through 
a seal glass. The lead pins 5 are electrically conducted to the 
PD 2 or the pre-ampli?er With bonding Wires to bring the 
signal generated by the PD and/or ampli?ed by the pre-am 
pli?er out of the optical device. 

The cap 4 that covers the primary surface 311 of the stem 
provides a lens 411 and a shell 4b that holds the lens 4a. The 
cap 4 may be formed by, ?rst punching the meal plate made of 
alloy of iron and nickel With a thickness of about 0.2 mm to 
obtain a metal disk With an aperture into Which the lens 411 is 
set; and second stamping the metal disk to form the shell 4b. 
The present invention has a feature that this stamping also 
forms the projection and groove, Which Will be described in 
detail later, in the shell 4b. Finally, ?xing the lens 411 to the 
shell 4b by a seal glass, the cap 4 is completed. The shell 4b 
is preferably coated With nickel and gold. 

20 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Referring to FIG. 2A, the shell 4b provides a body portion 

B to form the space S accompanied With the stem 3 and a 
?ange portion F around the body portion B. The body portion 
B holds the lens 411 in the aperture 40 formed in a center 
portion through the seal glass. The lens 411 may be a ball-lens 
With a diameter around 1.5 mm, Which is provided from 
HOYA as the product TAF3. On the surface of the lens 411 is 
coated With an anti-re?ection ?lm that shoWs the re?ectivity 
of substantially Zero to the light With a Wavelength of 1.3 pm 
and 1.55 pm. 
The ?ange portion F, as illustrated in FIGS. 2A to 2C, 

provides a ringed projection F1 so as to extrude a direction 
opposite to a side Where the space S is formed. The ?ange 
portion F also provides, in inner side of the ringed projection 
F1, a ringed groove F2 so as to form a holloW to a direction of 
the space S. The ringed projection F1 and the ringed groove 
F2 form concentric circles on the ?ange portion F. 
The ringed projection F1, as illustrated in FIG. 2C, has a 

cross section of the isosceles triangle With an apex angle 0t 
about 75° and truncated in an apex portion, that is, the cross 
section of the ringed projection may be a trapeZoid. The 
height T of the ringed proj ection F1 is set to be 0.1 mm. On the 
other hand, the ringed groove F2 has a cross section With an 
inner space K Whose shape traces the cross section of the 
ringed projection F1. The volume of the space K is preferably 
equal to or slightly greater than the volume of the ringed 
projection F1. In the present embodiment, the ringed groove 
F2 continues from the ringed projection F1. The ringed pro 
jection F1 and the ringed groove F2 may be simultaneously 
formed by the stamping to shape the body portion B. 

Because the ringed groove F2, as described above, is 
formed inside of the ringed projection F1, ?oWn fragments 
derived from the melted projection F1 may be captured Within 
the ringed groove F2. The resistance Welding to ?x the cap 4 
to the stem 3 often causes the fragments of the melted pro 
jection ?oWn inside and outside. The fragments ?oWn inside 
of the cap 4 often causes failures to make the electronic circuit 
short out and to affect damages to the devices. The ringed 
groove F2 formed immediately inside of the ringed projection 
F1 may e?iciently capture the fragment due to the Welding of 
the ringed projection F1 and ?oWn inside of the cap 4; accord 
ingly, the short-circuit due to the ?oWn fragment may be 
prevented even the optical device 1 is vibrated. 

Because the volume K of the ringed grove F2, as already 
described, is substantially equal to, or slightly less than the 
volume of the ringed projection F1, the melted projection M 
may ?ll the ringed groove F2, as illustrate in FIG. 3, and be 
solidi?ed there, Which may contribute the ?xing of the cap 4 
to the stem 3, speci?cally, the air-tightness of the space S may 
be enhanced. Moreover, because the cross section of the 
ringed groove F2 has a normal trapeZoid With a loWer side 
longer to an upper side, the capturing of the ?oWn fragments 
and the air-tightness of the space S may be also enhanced. 

Next, results of the present invention Will be described. 
TWo samples Were prepared and compared, one of Which has 
the cap Whose shape is shoWn in FIGS. 2A to 2C, While, the 
other has a cap Whose shape is shoWn in FIG. 4. The PIND test 
(Particle Impact Noise Detector test) based on the standards, 
MIL-STD-883-2020 and MIS-STD-750-2052, Was carried 
out for these tWo optical devices. The PIND test investigates 
the existence of alien substances Within a holloW body. 
Impacting the optical device to facilitate the movement of the 
alien substance Within the holloW body and vibrating the 
optical device on the vibrating table, the noise level Whose 
frequencies out of the vibrating frequency Was investigated to 
determine the existence of the alien substances Within the 
holloW body. 
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The conventional device shown in FIG. 4 caused 3 failures 
among 100 samples under the PIND test; While, the device 
With the cap shoWn in FIGS. 2A to 2C shoWed only one failure 
among 100 samples. Thus, the cap 4 With the ringed groove 
F2 immediate inside of the ringed projection F1 may effec 
tively prevent the melted fragments from ?ying into the space 
inside of the cap 4. 

FIG. 5 illustrates another cap 4A that provides a modi?ed 
?ange portion FA. Structures similar to those already illus 
trated in FIGS. 2A to 2C are referred by the same symbols or 
the same numerals, and the overlapped explanations Will be 
omitted. The shell 4Ab of the present example comprises the 
body portion B and the ?ange portion FA around the body 
portion B. On the top surface P3 of the ?ange portion PA is 
formed in ?at different from that of the ?ange portion F 
illustrate in FIG. 2. The ?at surface P3 of the ?ange portion 
FA may facilitate to press the ?ange portion FA against the 
stem 3 at the projection Welding. The bottom surface of the 
?ange portion FA, Which is the opposite surface to the ?at 
surface F3, provides the ringed projection F1 for the proj ec 
tion Welding and the ringed groove immediate inside of the 
ringed proj ection. These ringed projection F1 and the ringed 
groove are formed in concentric circle. Thus, the ringed 
groove F2 may effectively capture the fragments caused by 
the projection Welding of the ringed projection. 

While there has been illustrated and described What are 
presently considered to be example embodiments of the 
present invention, it Will be understood by those skilled in the 
art that various other modi?cations may be made, and equiva 
lents may be substituted, Without departing from the true 
scope of the invention. Additionally, many modi?cations may 
be made to adapt a particular situation to the teachings of the 
present invention Without departing from the central inven 
tive concept described herein. Therefore, it is intended that 
the present invention not be limited to the particular embodi 
ments disclosed, but that the invention include all embodi 
ments falling Within the scope of the appended claims. 

I claim: 
1. An optical device that provides a semiconductor optical 

device, comprising: 
a metal stem With a disk shape and con?gured to mount 

said semiconductor optical device thereon; and 
a cap including a body portion With a substantially cylin 

drical shape and a ?ange portion provided in an end of 
said body portion, said ?ange portion providing a ringed 
projection Welded to saidmetal stem and a ringed groove 
formed immediately inside of said ringed projection, 
said ringed groove having a holloW extending to a direc 
tion opposite to said ringed projection, 

Wherein said body portion and said ?ange portion are 
formed by stamping of a metal sheet including said 
ringed projection and said ringed groove, and 
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Wherein said ringed groove captures fragments caused by 

said Welding of said ringed projection to said stem. 
2. The optical device according to claim 1, 
Wherein said holloW of said ringed groove has a cross 

section of a trapeZoid With a volume substantially equal 
to or greater than a volume of said ringed projection 
before said Welding. 

3. The optical device according to claim 1, 
Wherein said cap is made of alloy of iron (Fe), nickel (Ni) 

and cobalt (Co). 
4. The optical device according to claim 1, 
Wherein said cap is made of cold-rolled steel. 
5. A metal cap to be Welded to a metal stem to form an 

optical device, said metal cap and said metal stem forming a 
CAN package, comprising: 

a body portion having a substantially cylindrical shape; and 
a ?ange portion provided in one end of said body portion 

and having a ringed projection extending to a direction 
opposite to said body portion and a ringed groove 
formed immediately inside of said ringed projection, 
said ringed projection having a concentric circle With 
said ringed groove, 

Wherein said body portion and said ?ange portion are 
simultaneously formed by stamping of metal sheet. 

6. The metal cap according to claim 5, 
Wherein said ringed projection has a cross section of an 

isosceles triangle. 
7. The metal cap according to claim 6, 
Wherein said isosceles triangle has an apex angle of about 

750 and a truncated apex portion. 
8. The metal cap according to claim 6, 
Wherein said ringed projection has a height of 0.1 mm. 
9. The metal cap according to claim 5, 
Wherein said ringed projection provides a cross section of 

a trapeZoid. 
10. The metal cap according to claim 5, 
Wherein said ringed groove has a cross section of a trap 

eZoid. 
11. The metal cap according to claim 10, 
Wherein said ringed projection has a cross section of a 

trapeZoid With a volume equal to or less than a volume of 
said trapeZoid of said ringed groove. 

12. The metal cap according to claim 5, 
Wherein said ringed groove is an concentric circle With said 

ringed projection. 
13. The metal cap according to claim 5, 
Wherein said metal sheet is made of alloy of iron (Fe), 

nickel (Ni) and cobalt (Co). 
14. The metal cap according to claim 5, 
Wherein said metal sheet is made of cold-rolled steel. 


